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(54) METHOD AND DEVICE FOR INSPECTING CONCRETE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and device for 
inspecting a concrete capable of easily inspecting even a large scale 
concrete structure in a short time. 

SOLUTION: A concrete 1 which is to be inspected is irradiated with 
laser light 6 to generate plasma 7 under abrasion. The concrete 1 is 
inspected with an emission spectral intensity distribution 10 of the 
plasma 7. For example, neutralization of the concrete 1 is inspected 
based on the intensity of carbon(C) component in the spectral intensity 
distribution 10, while the effect level of salt damage of the concrete 1 
is inspected based on the intensity of sodium(Na) component and/or 
chlorine(CI) component in the spectral intensity distribution 10. In the 
case of ferroconcrete, corrosion of a reinforcing steel 2 is inspected 
based on the intensity of iron(Fe) component in the spectral intensity 
distribution 10. It is preferred that concrete 1 is inspected based on the 

comparison of intensity between a plurality of specified components in the spectral intensity distribution 10, 
for example based on the comparison between the intensity of silicon(Si) component and that of carbon in 
the spectral intensity distribution 1 0. 
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• * NOTICES * 



«JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the approach and equipment which inspect the 
reinforcement corrosion in carbonation of inspected concrete, salt damage, and concrete, activation (it says that 
radionuclide arises in concrete by absorption of a radiation.), etc. about the concrete inspection approach and 
equipment. 
[0002] 

[Description of the Prior Art] In the concrete structure, in order to maintain safety and dependability in the long run, 
grasping the corroded condition of reinforcement and forming the suitable cure against reinforcement is called for. 
Application to an important part is difficult for the approach of exfoliating concrete, making expose reinforcement and 
investigating visually on structure, and it has the trouble that many costs for restoration start. For this reason, the 
method of grasping corrosion extent of reinforcement quantitatively by investigation of the soundness of concrete from 
the former is enforced. The typical things of soundness investigation of concrete are carbonation (carbonation) progress 
investigation of concrete, salt damage investigation, existence investigation of reinforcement corrosion, etc. 
[0003] Carbonation is a phenomenon in concrete which a sodium hydroxide mainly reacts with the carbon dioxide gas 
in air (carbon dioxide), changes to a calcium carbonate, and changes concrete to neutrality from alkalinity. Although 
healthy concrete shows strong-base nature and steel materials etc. are not made to produce rust, if carbonation of 
concrete advances, it will become easy to corrode steel materials etc. Carbonation progress investigation grasps 
corrosion extent of reinforcement by progress of carbonation of concrete. Carbonation may advance with the sulfur 
dioxide in air (a sulfur dioxide, S02). Moreover, salt damage is the phenomenon in which steel materials corrode 
according to an operation of the chlorine ion which exists or advances into concrete, expand, and degradation of a 
crack, exfoliation, etc. takes place to concrete. 

[0004] Conventionally, from the concrete structure, a concrete core, surface cutting powder, etc. were extracted and 
carbonation, salt damage, etc. of concrete are grasped by analyzing chemically the core and cutting powder which were 
extracted. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the large-scale scaffold, large-scale fixture, etc. for a 
sampling must be prepared when the approach by said chemical analysis needs the sampling of a concrete core, cutting 
powder, etc., for example, it investigates the large-scale concrete structure, there is a trouble of taking time and effort 
and time amount. Moreover, there is a trouble of taking time amount very much before it is difficult to analyze 
chemically immediately in a sampling site and obtaining results of an investigation. 

[0006] Then, the purpose of this invention is to offer the concrete inspection approach and equipment which can also 

inspect the large-scale concrete structure easily in a short time. 

[0007] 

[Means for Solving the Problem] With reference to drawing 1 , the concrete inspection approach of this invention 
irradiates a laser beam 6 at the inspected concrete 1, generates the plasma 7 by ablation, and comes to inspect concrete 
1 according to the spectral intensity distribution 10 ( drawing 2 , 3 reference) of luminescence of the plasma 7. For 
example, carbonation of concrete 1 can be inspected based on the reinforcement of the carbon (C) component under 
spectral intensity distribution 10, and whenever [ effect / of the salt damage of concrete 1 ] (the ease of happening of 
salt damage) can be inspected based on the reinforcement of the sodium (Na) component under spectral intensity 
distribution 10, and/or a chlorine (CI) component. When concrete 1 is a reinforced concrete, the corrosion of 
reinforcement 2 can be inspected based on the reinforcement of the iron (Fe) component under spectral intensity 
distribution 10. 

[0008] Preferably, concrete 1 is inspected based on the mutual comparison of the reinforcement of two or more specific 



• components under spectral intensity distribution 10. For example, carbonation of concrete 1 is inspected by the mutual 
comparison with the reinforcement of the silicon (Si) component under spectral intensity distribution 10, and the 
reinforcement of a carbon (C) component. Furthermore, preferably, the spectral intensity distribution 15 of 
luminescence of the plasma 7 by the exposure of the laser beam 6 to reference concrete is searched for, and the 
inspected concrete 1 is inspected based on the comparison with the spectral intensity distribution 10 of the inspected 
concrete 1 and the spectral intensity distribution 15 of reference concrete. Reference concrete can be used as healthy 
concrete and carbonation concrete, salt damage concrete, the degradation concrete by the potential alkali reactivity of 
cement aggregate combination, the degradation concrete by the acid, a corrosion reinforced concrete, or activation 
concrete. 

[0009] Moreover, with reference to the block diagram of drawing 1 , the concrete test equipment 20 of this invention 
comes to have the laser equipment 5 which outputs the strong laser beam 6 which may make the inspected concrete 1 
generate the plasma 7 by ablation, the spectrophotometer 8 which measures the spectral intensity distribution 10 (refer 
to drawing 2 ) of luminescence of the plasma 7, and analysis-of-a-spectrum equipment 12 which inspects concrete 1 
according to the spectral intensity distribution 10. The storage 14 which memorizes preferably the spectral intensity 
distribution 15 of luminescence of the plasma 7 generated by the exposure of the laser beam 6 to reference concrete is 
formed, and the inspected concrete 1 is inspected based on the comparison with the spectral intensity distribution 10 of 
the inspected concrete 1 and the spectral intensity distribution 15 of reference concrete with analysis-of-a-spectrum 
equipment 12. 
[0010] 

[Embodiment of the Invention] If a big pulse laser light of power is irradiated at an inspected object, melting and the 
ablation (ablation) to evaporate will happen from the former with heating with the rapid matter near the front face, and 
it is known that the plasma will jump out of the front face of an inspected object (the principle of a laser ultrasonic 
wave method, Ichiji Yamanaka "application" nondestructive inspection, volume [ 49th ] No. 5, p292-299). When this 
invention person conducted the experiment which irradiates pulse laser light on concrete, he found out that the 
luminescent color of the plasma generated by said ablation changed with the descriptions of concrete. The luminescent 
color of the plasma is considered to generate from melting and the vaporized element of an excitation state from a 
concrete front face, and can inspect the elementary composition on the front face of concrete etc. from luminescence of 
the plasma. This invention results in completion as a result of the researches and developments based on this 
knowledge. 

[001 1] The block diagram of drawing 1 shows one example of the concrete test equipment 20 by this invention. Test 
equipment 20 has the laser equipment 5 which irradiates a laser beam 6, the spectrophotometer 8 which measures the 
spectral intensity distribution 10 of luminescence of the plasma 7 generated by the exposure of a laser beam 6, and 
analysis-of-a-spectrum equipment 12 which inspects the soundness of concrete 1 etc. based on the spectral intensity 
distribution 10 to the inspected part 3 of concrete 1. 

[0012] The laser beam 6 which irradiates concrete 1 shall have the reinforcement (power density) made sufficient for 
generating the plasma 7 by ablation, when it irradiates to concrete 1. In order to obtain the laser beam 6 with large 
power density, it is desirable to make laser equipment 5 into what has the large output of for example, carbon-dioxide- 
gas (C02) laser equipment etc. Moreover, a laser beam 6 may be made into pulse laser light, and the pulse laser light of 
a predetermined pulse number may be irradiated to the inspected part 3 of concrete 1 so that it may be easy to obtain 
big power density. However, this invention is not limited to use of carbon-dioxide-gas-laser equipment or pulse laser 
light, but can use YAG (yttrium aluminum garnet) laser equipment etc. and a continuation laser beam. 
[0013] A condenser lens can be prepared in laser equipment 5 if needed, and the area of an exposure region can be 
extracted. By extracting exposure region area, it is good also as reinforcement which raises the power density of the 
laser beam 6 in an exposure region, and is sufficient for generating of said plasma 7. 

[0014] A spectrophotometer 8 takes in the light of the plasma 7 generated by the exposure of a laser beam 6 through a 
condenser lens etc., decomposes the taken-in light into a spectrum using prism etc., and measures the spectral intensity 
distribution 10 using an image sensor etc. further. For example, the fiber optic cable lengthened near the inspected part 
3 to the spectrophotometer 8 can be formed, and luminescence of the plasma 7 can be taken in through a fiber-optic 
cable. Since luminescence of the plasma 7 is taken in from the location left without using a fiber optic cable, beam 
condensing units, such as a concave mirror, can be formed in a spectrophotometer 8. When using a beam condensing 
unit, it is desirable to irradiate a laser beam 6 by the umbra without lighting etc. at concrete 1, and to take in 
luminescence of the plasma 7 so that it may not be influenced of noise light. For example, lighting is dropped and 
inspected in inspection of the concrete wall of a tunnel etc. However, even when there are sunlight, lighting, etc. by 
adjusting the power of a laser beam 6 so that luminescence of the plasma 7 of sufficient reinforcement may be obtained 
as compared with the noise level of background light, it can expect to conduct reliable inspection. 
[0015] It connects with the spectrophotometer 8, and analysis-of-a-spectrum equipment 12 inputs the spectral intensity 



• distribution 10 measured with the spectrophotometer 8, and inspects the existence of metallic corrosion etc. whenever 
[ carbonation / of concrete 1 /, and effect / of salt damage ]. Analysis-of-a-spectrum equipment 12 can be used as a 
computer 1 1, and a program with a built-in computer can analyze the spectral intensity distribution 10. Moreover, the 
analysis-of-a-spectrum equipment 12 of the example of illustration has memorized the spectral intensity distribution 15 
grade of luminescence of the plasma 7 generated when a laser beam 6 is irradiated at reference concrete so that storage 
14 may be had and mentioned later to storage 14. 

[0016] The concrete inspection approach of this invention is explained with reference to the test equipment 20 of 
drawing 1 . Laser equipment 5 is turned to the inspected part 3 of concrete 1, a laser beam 6 is irradiated to the 
inspected part 3, and the plasma 7 is generated. Moreover, the inspected part 3 is made to carry out the collimation of 
the beam condensing unit of a spectrophotometer 8, and the light of the plasma 7 is taken in to a spectrophotometer 8. 
The spectral intensity distribution 10 of luminescence of the plasma 7 is measured with a spectrophotometer 8. 
[0017] this invention person conducted the experiment which measures the spectral intensity distribution 10 of 
luminescence of the plasma 7 generated by the exposure of a laser beam 6, respectively using the concrete (henceforth 
carbonation concrete) which has checked advance of carbonation with other means, and the concrete (henceforth 
healthy concrete) which has checked the healthy thing. In this experiment, the TEA-C02 laser (Transversely Excited 
Autospheric pressure laser, atmospheric pressure longitudinal direction discharge excitation laser) light of outputs 3.0- 
3. 8 J was used. An experimental result is shown in drawing 2 and 3. Drawing 2 shows the spectral intensity distribution 
10 of healthy concrete, and drawing 3 shows die spectral intensity distribution 10 of carbonation concrete. The 
comparison of drawing 2 and the spectral intensity distribution 10 of 3 shows that compare with healthy concrete and 
the spectral intensity of a carbon (C) component becomes large with carbonation concrete. That is, it has checked that 
carbonation of concrete could be inspected from the reinforcement of the carbon component under said spectral 
intensity distribution of this experiment to concrete. 

[0018] Although the magnitude of the spectral intensity of a carbon component changes with the exposure pulse 
number, the pulse width, etc. of the irradiation time of a laser beam 6, or the pulse laser light 6, the degree of 
completion of carbonation of concrete can be inspected from the spectral intensity of a carbon component by defining 
irradiation time or a pulse number of a laser beam 6 etc. Moreover, as shown in drawing 2 and 3, even when concrete is 
carbonated, since the reinforcement of for example, a silicon (Si) component seldom changes, it can also inspect 
carbonation of concrete 1 by the mutual comparison (normalization of the carbon component reinforcement by silicon 
component reinforcement) with the reinforcement of the silicon component under spectral intensity distribution 10, and 
the reinforcement of a carbon component. 

[0019] The spectral intensity of the carbon component according to advance of carbonation or the intensity ratio of a 
silicon component and a carbon component can be memorized, and analysis-of-a-spectrum equipment 12 can inspect 
carbonation of concrete, or its degree of completion from the reinforcement of the carbon component for example, 
under spectral intensity distribution 10 measured with the spectrophotometer 8, or the intensity ratio of a silicon 
component and a carbon component. According to the intensity ratio of a silicon component and a carbon component, 
even if it is the case which is not fixed, it is expectable to inspect comparatively correctly carbonation of concrete or its 
degree of completion. 

[0020] In addition, it is also expectable from not the reinforcement of a carbon component but the reinforcement of the 
sulfur component under spectral intensity distribution to inspect carbonation by the sulfur dioxide. In this case, the 
spectral intensity of the sulfur component according to advance of carbonation or the intensity ratio of a silicon 
component and a sulfur component is memorized, and the carbonation by the sulfur dioxide of concrete or its degree of 
completion is inspected from the reinforcement of the sulfur component under spectral intensity distribution 10 
measured with the spectrophotometer 8, or the intensity ratio of a silicon component and a sulfur component. 
Inspection of carbonation by the reinforcement of both carbon component and sulfur component is also possible. 
[0021] Moreover, this invention person has checked that whenever [ effect / of the salt damage of concrete 1 ] can be 
inspected from the reinforcement of the sodium component under said spectral intensity distribution of concrete, and/or 
a chlorine component, and that the corrosion of the reinforcement 2 in a reinforced concrete 1 could be inspected based 
on the reinforcement of an iron component by the further experiment. 

[0022] Therefore, if irradiation time or a pulse number of a laser beam 6 etc. is defined and the spectral intensity of the 
sodium component according to whenever [ effect / of salt damage ] and/or a chlorine component is memorized, 
whenever [ effect / of the salt damage in concrete 1 ] can be inspected with analysis-of-a-spectrum equipment 12. 
Moreover, if the spectral intensity of the iron component according to the corrosion degree of reinforcement is 
memorized, the corrosion of the reinforcement 2 in concrete 1 can be inspected with analysis-of-a-spectrum equipment 
12. Furthermore, it is also possible to inspect whenever [ effect / of the salt damage in concrete 1 ], or the corrosion rate 
of reinforcement 2 by the mutual comparison with the spectral intensity of other specific components under spectral 
intensity distribution 10, for example, the spectral intensity of a silicon component and a sodium component, a chlorine 



•component, or an iron component. 

[0023] Moreover, whenever [ effect / of the potential alkali reactivity of cement aggregate combination of concrete ] 
(the ease of happening of the potential alkali reactivity of cement aggregate combination) can be inspected from the 
reinforcement of the sodium component under said spectral intensity distribution of concrete, and the strong-base 
component of a potassium component and others. The potential alkali reactivity of cement aggregate combination is the 
phenomenon of alkali contained in the indeterminate form silica minerals contained in the aggregate and cement, such 
as sodium and a potassium, reacting under existence of water, generating an alkali silicate, crocodiling to concrete by 
the swelling of this, and producing pop out, a tissue displaceability, etc. The potential alkali reactivity of cement 
aggregate combination tends to occur, so that concrete contains many alkalinity. Therefore, if the spectral intensity of 
the strong-base component according to whenever [ effect / of the potential alkali reactivity of cement aggregate 
combination ] is memorized, whenever [ effect / of the potential alkali reactivity of cement aggregate combination of 
this concrete 1 ] can be inspected with analysis-of-a-spectrum equipment 12 from the reinforcement of the strong-base 
component under spectral intensity distribution 10 of concrete 1. 

[0024] Furthermore, it is also expectable from the reinforcement of the magnesium component under said spectral 
intensity distribution of concrete, an aluminum component, and/or an iron component to inspect degradation by the 
acid of concrete. Degradation by the acid is a phenomenon which the calcium hydroxide in concrete (calcium2 (OH)) is 
consumed by sewage, acid river water, hot spring water, acid rain, etc., and a cement hardening object decomposes. 
Conventionally, degradation by the acid of concrete advances from a front face, and it is reported that concentration 
layers, such as the following magnesium, aluminum, and iron, are generated by the boundary section of the degradation 
layer near a front face and inside healthy concrete (the 1 17th railroad total ****** exhibition summary). 

(1) In the case of strong acids, such as sewage, iron, aluminum, and magnesium condense. 

(2) From the acid of whenever [ middle ], don't condense iron but aluminum and magnesium condense it. 

(3) Only magnesium condenses at the time of weak acids, such as acid rain. 

(4) When only carbonation is produced, produce no these concentration layers. 

(5) Also when not influenced of an acid, don't produce these concentration layers. 

[0025] Therefore, it is expectable by detecting said concentration layer from the reinforcement of the magnesium 
component under spectral intensity distribution, an aluminum component, and/or an iron component to inspect the 
strength of degradation by the acid of concrete or an acid. Moreover, it can inspect whether it is degradation influenced 
by the reinforcement of a magnesium component of whether it is degradation under the effect only of carbon dioxide 
gas simply, acid rain, etc. In addition, since there is a concentration layer inside the degradation layer instead of a 
concrete front face, while the continuous exposure to the same part of a laser beam 6 punches concrete 1 in inspection 
of degradation by the acid so that it may mention later, the approach of measuring spectral intensity distribution is 
effective. 

[0026] If the spectral intensity distribution 15 of reference concrete is memorized to storage 14 as shown in drawing 1 , 
based on the comparison with the spectral intensity distribution 10 of the inspected concrete 1 and the spectral intensity 
distribution 15 of reference concrete, it can inspect with analysis-of-a-spectrum equipment 12. For example, if the 
spectral intensity distribution 15 (refer to drawing 2 ) of healthy concrete is memorized to storage 14, it is also possible 
to find out a component peculiar to the inspected concrete 1 from a difference with the spectral intensity distribution 10 
of the inspected concrete 1, and the inspection of concrete 1 based on components other than carbon, sulfur, sodium, 
chlorine, iron, a strong base, etc. can also be expected. Two or more spectral intensity distribution 15 which responded 
to advance of carbonation concrete, salt damage concrete, the degradation concrete by the potential alkali reactivity of 
cement aggregate combination, the degradation concrete by the acid, a corrosion reinforced concrete, etc. is memorized 
for the storage means 14, and it is also possible to inspect the degree of completion of degradation by carbonation of 
concrete 1, salt damage, the potential alkali reactivity of cement aggregate combination, and the acid or the corrosion of 
reinforcement 2 by the comparison with those spectral intensity distribution 15 and spectral intensity distribution 10 of 
the inspected concrete 1 . 

[0027] Since this invention makes concrete 1 generate the plasma 7 by the exposure of a laser beam 6 and can inspect 
extent of reinforcement corrosion etc. by non-contact according to the spectral intensity distribution 10 of luminescence 
of the plasma 7 whenever [ carbonation / of concrete 1 /, and effect / of salt damage ], it can inspect the soundness of 
concrete 1 from the distant location. Since it is non-contact inspection, it is not necessary to construct a scaffold etc., 
and it compares with the conventional approach and easy-izing of the inspection to a large concrete side and speeding 
up can be attained. 

[0028] In this way, offer of "the concrete inspection approach that the large-scale concrete structure can also be 
inspected easily in a short time, and equipment" which is the purpose of this invention is attained. 
[0029] As shown in drawing 1 , the inspection result by the analysis-of-a-spectrum equipment 12 mentioned above is 
outputted to a display 21 or a printer 22, and can be referred to on real time. Moreover, the inspection hysteresis of 
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-concrete 1 with time etc. is created by recording and saving an inspection result for the data control means 16, and it 
can use for maintenance and management of concrete 1, for example. Furthermore, the test equipment 20 of this 
invention can inspect two or more inspected parts 3 on concrete 1, making it move, and the contribution to automation 
of concrete inspection can also expect it by combining with the location survey system of the inspected part 3 etc 
[0030] 

[Example] When a laser beam 6 is irradiated in this invention to two or more inspected parts 3 on the front face of the 
inspected concrete 1, or two or more inspected parts 3 to which the depth from a front face differs, the plasma 7 is 
generated and at least each part measures the spectral intensity distribution 10 of luminescence of the plasma 7 in 3, it 
is also possible to inspect concrete 1. For example, carbonation of concrete takes place to the front face which touches 
air first, and it is known that a carbonation field will advance inside with the passage of time. For example, a laser 
beam 6 is irradiated shaving off the front face of concrete 1 by predetermined thickness, and the carbonation depth of 
concrete can be inspected by measuring the spectral intensity distribution 10 of luminescence of the plasma 7 in each 
shaving picking phase, and inspecting carbonation. Similarly, inspection in the depth direction is [ whenever / effect / 
of the salt damage of concrete 1 /, or, whenever / effect / of the potential alkali reactivity of cement aggregate 
combination ] possible also about the corrosion by the acid, and the corrosion of reinforcement. 
[003 1] Moreover, this invention person found out that inspection of the part where the depth directions of concrete 1 
differ in coincidence was possible, punching of concrete 1 being possible and punching concrete by the laser beam 6 by 
the continuous exposure to the same part of a laser beam 6. That is, in this invention, since the matter near the front 
face of concrete 1 does melting and the evaporation of by the exposure of a laser beam 6, a new front face is formed in 
an exposure part. By irradiating a laser beam 6 continuously on the new front face, the matter of a new front face can 
be made to be able to dissolve and evaporate, and the hole of the depth direction of concrete 1 can be dug to an 
exposure part. Moreover, the spectral intensity distribution 10 of luminescence of the plasma 7 in this punching process 
can be measured continuously. For example, it is expectable to inspect the depth of the carbonation depth of concrete 1 
or the potential alkali reactivity of cement aggregate combination, the depth of degradation by the acid, etc., irradiating 
a laser beam 6 continuously to the same part of concrete 1 . Moreover, since the dirt on the front face of concrete is 
removable by irradiating the pulse laser light 6 several times, the effectiveness of raising the precision of inspection is 
also expectable. 

[0032] In the example of drawing 1 , efficient inspection of two or more parts on concrete 1 is enabled by forming the 
exposure sense control unit 17 which controls the exposure sense of a laser beam 6, and the collimation sense control 
unit 18 which follows the exposure sense of a laser beam 6 and controls the collimation sense of a spectrophotometer 8 
or its beam condensing unit, and changing the collimation sense of the exposure sense of a laser beam 6, a 
spectrophotometer 8, or a beam condensing unit. If this invention can generate the plasma 7 by the exposure of a laser 
beam 6, it will be satisfactory even if the incident angle of the laser beam 6 to concrete 1 changes. 
[0033] Moreover, drawing 4 carries the test equipment 20 shown in drawing 1 in the mobiles 30, such as a truck, and 
shows the example inspected while a mobile 30 moves the structure of the concrete 1 prolonged along a path 37. This 
drawing shows the case where the concrete wall of tunnel 36 is inspected. In this case, with the exposure sense control 
unit 17 and the collimation sense control unit 18, while changing the exposure sense of a laser beam 6 on the flat 
surface 3 1 which intersects the travelling direction of a mobile 30, the exposure sense is followed and the collimation 
sense of a spectrophotometer 8 or a beam condensing unit is changed. By this control, two or more inspected part 3i on 
the intersection 32 on a flat surface 3 1 and the front face of concrete can be inspected efficiently. 
[0034] The whole region of the concrete 1 prolonged along a path 37 can be efficiently inspected by repeating 
collimation sense control of the exposure sense control, the spectrophotometer 8, or beam condensing unit of a laser 
beam 6 mentioned above according to advance of a mobile 30, and repeating inspection on two or more intersections 
32 separated to the travelling direction. According to the example of drawing 4 , it is possible to conduct inspection 
required for the maintenance of a tunnel concrete wall in the limited time amount, such as night, for a short time, it 
compares with the conventional approach, and large simplification of inspection, laborsaving, and speeding up can be 
attained. 

[0035] As mentioned above, although the application of this invention to inspection of the soundness of concrete 1 was 
explained, it is also expectable to apply the test equipment 20 of drawing 1 to other applications other than soundness 
inspection, for example, inspection of activation of concrete 1. For example, with the decommissioning measure 
(decommissioning of reactor) of a nuclear power plant, since the processing costs of concrete or piping change greatly 
with degrees of activation, it becomes important to measure how many concrete which carried out dismantling crushing 
are activated. Conventionally, the activation situation of concrete was presumed in advance by the simulation etc., or 
the concrete core etc. was extracted from the site, and the activation situation was separately checked with metering 
devices, such as a Geiger counter, and even the depth which becomes settled according to the activation situation was 
put together from the front face, and it has dissolved. However, measurement of activation not only takes time and 



- effort, but by this approach, irrespective of an actual degree of contamination, it must perform dismantling processing 
of the same depth to all concrete wall sides, and there is a trouble with it difficult [ to perform an efficient demolition 
according to extent of activation ]. 

[0036] Drawing 5 shows the example which applied this invention to the decommissioning measure of a nuclear power 
plant. The test equipment 20 of this drawing is attached in the remote-operation robot 34 for concrete 1 dismantling, 
and activation of concrete 1 is inspected by carrying out the mutual comparison of the reinforcement of a radioisotope 
component and the reinforcement of a nonradioactive isotope component under spectral intensity distribution 10 of 
plasma luminescence at the time of the laser beam exposure of concrete 1 . When there is an element which includes 
radioisotope and a nonradioactive isotope in concrete, it is thought that the rate of radioisotope and a nonradioactive 
isotope changes according to activation of concrete. For example, if the spectral intensity ratio of the radioisotope 
according to advance of activation and a nonradioactive isotope is memorized, based on the spectral intensity 
distribution 10 of the concrete 1 of drawing 1 R> 1, it is expectable to inspect activation of concrete 1 with analysis-of- 
a-spectrum equipment 12. 

[0037] In the example of drawing 5 , a laser beam 6 is irradiated shaving off the front face of concrete 1 by 
predetermined thickness by a robot's 34 arm 35, the spectral intensity distribution 10 of plasma luminescence in each 
shaving picking phase is measured, and activation is inspected. Since according to this example concrete 1 can be 
disassembled and the demolition of concrete can be done according to extent of activation until activation becomes 
below predetermined level, the efficient dismantling processing which suited the actual condition is expectable. 
[0038] 

[Effect of the Invention] As explained above, since the concrete inspection approach and equipment of this invention 
irradiate a laser beam at concrete, generate the plasma by ablation and inspect concrete according to spectral intensity 
distribution of luminescence of the plasma, they do the following remarkable effectiveness so. 

[0039] (b) Since the soundness of concrete can be inspected by non-contact, it is not necessary to install a scaffold etc., 
and compares with the conventional approach, and large laborsaving of inspection and increase in efficiency can be 
attained. 

(b) It is not necessary to inspect [ whenever / effect / of the potential alkali reactivity of cement aggregate 
combination ] the corrosion rate of degradation by the acid, and reinforcement etc. from independent spectral intensity 
distribution whenever [ carbonation / of concrete /, and effect / of salt damage ], to receive at least the Banking 
Inspection Department, and to investigate multiple times. 

(c) Since two or more parts of a concrete wall can be inspected changing the exposure sense of laser equipment, a large 
concrete side etc. can be inspected easily in a short time. 

(d) Since it can inspect moving, the concrete wall of the tunnel under employment etc. can also be inspected easily in a 
short time, 

(e) Inspection of activation of concrete can also be expected and application to efficient dismantling processing of a 
nuclear power plant etc. can be expected. 



[Translation done.] 



